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Abstract. As the biofuels industry expands, it is important to identify and quantize potential capital, operational, material, and 
utility costs, as well as possible sales prices for the biofuels and coproducts. Many industries use computer simulation programs for this 
function, as well as to see how using different operations can affect the overall production at the plant. The objective of this project was to 
determine how various operation scenarios affected capital, operational, material, and utility costs of a biodiesel biorefinery. These costs 
were examined using a techno-economic modeling program for a degummed soybean oil plant. It was clear after seeing economic 
analyses for each scenario that the price spike in soybean oil, which had the greatest impact on material costs, from 2005 to 2012, 
decreased the profitability of the facility by almost 250%, and that the use of a recycling loop and a decrease in the amount of glycerin 
streams within the process increased profitability and decreased the amount of materials needed. This study demonstrated the utility of 
techno-economic modeling programs for illustrating how prices and operations can determine costs and revenues of a biofuel facility. It has 
also provided a starting point for industries that may be considering using degummed soybean oil as a feedstock for their biorefinery.  
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INTRODUCTION 
 With our current, modern lifestyle, we have become accustomed to a steady, reliable supply of energy. 
Almost two-thirds of our energy is produced through the burning of fossil fuels such as coal and petroleum 
(Dresselhaus & Thomas, 2001). In 2009, 93.7% of the total energy that was consumed in the United States 
was petroleum, 62.7% of which was imported.  About 41% of that imported petroleum was from OPEC, the 
Organization of Petroleum Exporting Countries. To maintain the security of imported oil, the United States has 
spent $6.8 trillion dollars from 1967 to 2007 to maintain trade with the Persian Gulf and OPEC (Kou & Zhao, 
2011). Our nation’s dependency on oil, coupled with the instability of the price, has a huge effect on our macro 
economy, and is a possible contributor to the economic recession of 2008 and 2009 (Wetzstein & Wetzstein, 
2011). The population of the world that is using energy is also increasing, especially with the growth of 
developing countries. According to BP in its economic outlook for 2030, global energy use will increase by 
40%, with 93% of that increase due to developing countries (U.S. DOE, 2011). 
 Fossil fuels also produce a large amount of CO2 when they are combusted, 19.64 pounds per gallon of 
gasoline and 22.38 pounds per gallon of diesel fuel (U.S. EIA, 2012). In 2004, cars and light trucks in the 
United States emitted 314 million metric tons of carbon-equivalent, the same amount of carbon that would be 
contained in 50,000 miles of coal train cars (Agra CEAS Consulting & F.O. Licht, 2006). The United States also 
is responsible for 45% of the world’s CO2 automotive emissions (U.S. DOE, 2011). This CO2 is one of the 
factors that can cause global warming, which  may have side effects such as rising sea levels, damage to 
coastal cities, and an increase in devastating weather and tropical storms (Wetzstein & Wetzstein, 2011). To 
slow CO2 emissions, there must be changes in technology currently used for the production, distribution, 
storage and conversion of energy (Hoffert, 2002). To find alternatives to fossil fuels to help with the increasing 
demand and environmental concerns, there has been a drastic increase in research and development during 
the last decade (Stanley, 2006). In 2008, $112 billion was invested globally into renewable energy research, 
expansion and demonstration of sources such as wind, solar, and biomass (IEA, 2010 Nicholls, 2010). 
Currently, solar and wind energy are the most advanced of all the options, with wind energy being the closest 
to cost-competitive as a renewable energy source, with a payback time of just three to four months and a 
lifetime of 20 years (Stanley, 2006; Turner 1999). Wind is caused by the differential heating of the Earth, and 
affects the whole United States, which means that wind turbines can be placed almost everywhere, and the 
land can be used for duel purposes, such as wind energy and farming or ranching (Turner, 1999).  Solar panels 
convert the energy of sunlight into electrical energy, and will work anywhere there is sunlight, but locations with 
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long exposures to sunlight are more suitable. Solar energy has proven itself viable by providing energy for 
several years to space missions. Unfortunately, large amounts of land are necessary and this approach has 
low conversion efficiency. A renewable option that is newer and generally unproven in scalability and 
economics is that of the biomass-based transportation fuels (Stanley, 2006). There are several options 
available, but only ethanol and biodiesel are commercially viable right now.  
The United States is the largest ethanol producer in the world, primarily using corn as the feedstock 
because corn starch is readily convertible into ethanol. Federal policies such as the Clean Air Act and 
Reformulated Gasoline Program in the 1990’s called for cleaner burning fuels, and interest increased in ethanol 
because greenhouse gases have been estimated to be reduced by up to 20% when compared to traditional 
fossil fuels (Doku & Di Falco, 2012; Wetzstein & Wetzstein, 2011). More recently, there has been a federal 
excise tax of $0.52/gallon of ethanol, but this was discontinued in December of 2012 (Pear, 2012). Legislation 
such as the Energy Policy Act of 2005 and the Energy Independence and Security Act of 2007 have both set 
volumetric goals for the biofuel industry in the United States over time. This legislation was accompanied with 
tax credits to help the industry grow and become more competitive with the oil markets (Chen & Khanna, 
2012).  
Biofuels can be made out of feedstocks with lipids as well, such as vegetable oils and animal fats. By 
using non-food feedstocks such as algae, energy security can increase without decreasing the food supply 
(Kou & Zhao, 2011). Biodiesel has been extensively tested and can be run in both boilers and internal 
combustion engines in a pure or mixed form (Vlysidis et al., 2011). With biofuels, the ability to adjust facilities to 
use different types and amounts of feedstocks is crucial because of the wide range of feedstocks and price 
ranges of each feedstock (Kou & Zhao, 2011).  
 With any process, it is important to understand the costs associated with the construction and 
operation of that process, especially at a commercial scale. One way to do this is to make a flexible model of 
the process, or on a larger scale, the whole plant (Haas et al., 2006).  Modeling has been used in a wide range 
of areas such as pharmaceuticals, breweries, and more recently, biorefineries.  Many of these models are 
based on similar plants, technology and equipment supplier inputs, and engineers in the field. There are 
multiple programs that can be used including SuperPro Designer, Aspen Plus and ChemCAD. Once a model 
has been produced, it is relatively easy to change components such as composition, amount of raw materials 
inputted, consumption, and unit operation settings. By changing various components, the user can see the 
effect on final product price and composition. In a commercial-scale plant, even a few cents in the cost of a raw 
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material can make a vast difference in the price of the end product. From there, management can decide the 
best path to take. Modeling can also be used to scale up bench-top experiments to see if they are feasible at a 
larger scale (Kwiatkowski et al., 2006).  
 A recent model of a biodiesel biorefinery is that of a 10 million gallon degummed soybean oil 
biorefinery (Haas et al., 2006). It depicts all processes associated with the biorefinery, including 
transesterification, biodiesel purification, and glycerol recovery (Haas et al., 2006).  Though it is an accurate 
depiction of a typical biodiesel biorefinery, an in depth analysis of how price or operation changes can alter the 
final products and their costs is lacking. Consequently, the goal of this project was to use the Haas et al (2006) 
biorefinery model to analyze the effects of various price and operational changes in final coproduct prices and 
profitability of the biorefinery.    
MATERIALS AND METHODS 
Computer Model 
 SuperPro Designer (Intelligen, Inc., Scotch Plains, NJ) is a modeling program that allows the user to 
alter operations, materials, and volume and composition of a model. These values are then used by the 
program to determine the mass and economic factors of each individual unit of operation, which then is used to 
determine the factors of the entire plant. Haas et al. (2006) created a 10 million gallon per year biodiesel plant 
using SuperPro Designer (Intelligen, Inc., Scotch Plains, NJ) which allows the user to determine mass and 
economic factors of a generic degummed soybean oil biorefinery. This model was intended as a generic model 
that possessed the operations and equipment needed to run a biorefinery of a similar size with the degummed 
soybean oil feedstock. We used the updated model of the degummed soybean oil biorefinery from 2010 
(McAloon & Yee, 2010) to run our simulation scenarios that we will cover in this paper.  
The typical biorefinery runs 330 days/year, 24 h/day with some planned down time for maintenance and 
repairs. All annual calculations are based on these factors and are included in the range of reports that are 
available through the program. These reports were produced for each simulation and compared to see the 
profitability and sensitivity of each simulation. 
Simulation Scenarios 
 Scenarios (Table 1) were based on making changes to three different parts of the model which is 
shown in figure 1 (McAloon & Yee, 2010): 
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1) Prices of electricity, glycerin, hydrochloric acid, sodium methylate, sodium hydroxide, and soybean oil 
(Table 2). (prices used in 2005 analysis of the model (Haas et al, 2006) versus the current prices of 
each raw material); 
2) Quantity of glycerin streams (one versus the two originally in the model); 
3) The ability to recycle water or not. 
These three variables provide eight simulation scenarios (Table 1). Annualized fixed capital and equipment 
costs, annual operating costs, payback time, annual revenue, and profits were compared for each simulation 
scenario. The capital costs were broken down into multiple components that make up the entire biorefinery: 
raw material handling, conversion / separation, biodiesel purification, coproducts cleanup, and product storage. 
The annual operating costs were divided into facilities, labor, materials and utilities. The annual revenues were 
divided into the products produced in the biorefinery: biodiesel and glycerin. Once the comparisons were made, 
each scenario’s profitability was investigated.  The economics of the biorefinery were then graphed so that 
behaviors could be compared. 
RESULTS AND DISCUSSION 
Capital Costs 
 Capital costs are the one-time charges associated with the plant that consists of land purchase, 
building costs, engineering/construction work, and equipment costs. In this model, total equipment purchase 
and installation costs were used for capital costs calculations for the whole plant consisting of five sections: raw 
material handling, conversion/separation, biodiesel purification, coproducts cleanup, and product storage. The 
effect that equipment and installation costs had on overall capital costs can be seen in figures 3a & 3b. 
Annualized equipment and installation costs, in $/year, are shown in figures 3c & 3d. Based on cost 
evaluations of all scenarios, installation contributed to 66% of equipment costs, while equipment contributed to 
the remaining 33%. Additional equipment lead to higher installation costs and higher fixed capital cost, but the 
proportion remained constant. 
Annual Operating Costs 
 Annual operating costs of a biodiesel plant consist of the expenses related to utilities, facilities, labor, 
and raw materials. Figure 4 shows how each of these costs impacts annual operating costs as a whole. In 
every scenario, annual operating costs are largely impacted by raw materials costs, which had an average of 
92% of annual operating costs, trailed by facility costs, which averaged 5% of annual operating costs. 
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Facility 
Facility costs were composed of maintenance costs, insurance, local taxes and factory 
expenses. Maintenance costs consisted of 1.71% of the direct fixed capital costs, factory expenses, 
1%, insurance, 0.80%, and local taxes of 0.10% of direct fixed capital cost.  Facility costs consisted of 
3-7% of annual operating costs as shown in figure 4. Facility costs were the lowest, $1,364,009 per 
year, in scenarios 1 & 5 where the water recycling and glycerin option were utilized and highest, 
$1,502,638 per year, in scenarios 4 & 8, where neither the water recycling or glycerin option were 
utilized.  
Labor 
Labor costs were concluded based on the number of working hours needed per year, 17,840 
hours, worked throughout a year by multiple people at a rate of $30/hour, creating a cost of $535,200 
for labor, for all scenarios. This consisted of 1-7% of the annual operating costs, as shown in figure 4. 
Raw Material Costs 
Raw material costs were determined using market prices of materials: soybean oil, methanol, 
sodium hydroxide, water, hydrogen chloride, and sodium hydroxide. In these scenarios, only the price 
of water was kept constant. In every scenario, the same amount of soybean oil was used, 1.52565x107 
kg/year. With price increases between 2005 and 2012, the annual price of soybean oil increased 
225%. Figure 5 demonstrates the impact that the costs of each material have on the annual material 
costs. The feedstock of the biodiesel plant, soybean oil, had the greatest impact on the annual material 
costs, with an average share of 92% of the annual material costs.  
Utility Costs 
 Utility costs consisted of the costs of electricity, steam, and chilled water. The only price that 
was changed for these utilities was that of electricity, where the price doubled from 0.050 $/kWh in 
2005 to 0.100 $/kWh in 2012. Adding a water recycling loop added machinery, and therefore used 
more electricity, but cut down on the amount of chilled water added. Changing the glycerin option also 
changed the amount of electricity needed by decreasing from two to one glycerin stream, using less 
machinery. Usage of chilled water and electricity are shown in Table 6 and Table 7, respectively. 
Usage of steam was constant throughout all the scenarios. Table 8 shows how each component 
makes up utility costs. 
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Annual Revenues 
 The process of the biorefinery produced two marketable products, biodiesel and glycerin. It was those 
two products, and the amounts of each that were produced, that determined annual revenue of the biorefinery.  
 Biodiesel 
 In figure 9a, biodiesel annual production and revenue was graphed, showing that scenarios 1, 
2, 5, & 6 had the greatest and similar annual production, 33.75 billion kg/y. The remaining scenarios, 3, 
4, 7, & 8 also had similar annual production, 33.70 billion kg/y. This similarity was based on whether 
the water recycling option was used. A small amount of unused soybean oil was left in the waste water 
after the process, and when recycled through the process, was transformed into biodiesel which led to 
a larger amount of biodiesel produced in those scenarios with water recycling. Scenarios based in 
2005, where the selling price of biodiesel was $4.29/gal, had similar annual revenue, even with a 
production difference of 50 million kg/y, ranging from $43.76 million/y in scenarios 1 & 2 to $43.69 
million/y in scenarios 3 &4. Scenarios based in 2012, where the selling price of biodiesel had increased 
to $4.60/gal, had similar revenue also with revenue ranging from $46.85 million/y in scenarios 7 & 8 to 
$46.92 million/y in scenarios 5 & 6. 
Glycerin 
 In figure 9b, glycerin annual production and revenue was graphed, showing that scenarios 1, 
3, 5, & 7 had the greatest and similar annual production, 3.782 billion kg/y. The remaining scenarios 2, 
4, 6, & 8 also had similar annual production when compared, 3.435 billion kg/y. This similarity was 
based on whether the glycerin stream option was used. In scenarios 1, 3, 5, & 7, the glycerin option 
was utilized and there was only one glycerin stream, unlike scenarios 2, 4, 6, & 8, where the glycerin 
option was not utilized, and there were the original two glycerin streams. Production between these 
options is different because when the option is utilized, all of the glycerin went into one stream that had 
a composition of 90.78% glycerin, with the rest consisting mainly of water, but also small traces of 
unreacted materials. When the glycerin option is not utilized, there are two streams, one for fatty 
methyl esters and one for 80%+ pure glycerin, meant to be sold to a refinery to be refined to pure 
glycerin. Only a small amount of fatty methyl esters were produced, but the amount in that stream 
subtract from the amount of glycerin able to be sold. The greatest revenue produced from glycerin, 
$1.25 million/y, took place in scenarios 1 & 3, where the greatest amount of glycerin was produced and 
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when glycerin was $0.33/kg. In scenarios 5 & 7, where the same amount of glycerin was produced, but 
prices fell to $0.19/kg, glycerin revenue only reached $0.727 million/y. This pattern also happened with 
2005 scenarios 2 & 4, and 2012 scenarios 6 & 8, which all had a lower production rate to begin with. 
Gross Profits 
 Gross profits can be seen in figure 10a, which shows capital cost, operating cost, revenue, and profit in 
million $/y. The 2005-based scenarios have a visibly larger profit than the 2012 scenarios do, mainly because 
of the price increases in raw materials, specifically the feedstock of soybean oil, which substantially affected 
operating cost. Cash flows mentioned above can also be seen in $/gallon in figure 10b. The 2012-based 
scenarios had larger revenue, caused by the increased selling price of biodiesel, but since operating cost had 
also increased, profit dropped greatly to an average of $2.04 million/y. Profit was greatest in scenarios based in 
2005, averaging $23.97 million/y.  
Materials 
 Raw materials made up most of the operating costs of the biorefinery, averaging 89% in the 2005 
scenarios and 95% in 2012 scenarios when material prices increased. Unit production cost was $0.62/kg of 
main product in 2005 scenarios and $1.35/kg, largely impacted by the price increase in soybean oil from 2005 
to 2012, as shown in Table 2. This increase in unit production cost decreased gross profit greatly, from an 
average of $23,947,000/y to $2,040,000/y, making the biorefinery less profitable by 91.5% as shown in figure 
10a. 
Products 
Biodiesel was the main product of the biorefinery process with approximately 90% of production of the 
plant and 97% of the annual revenue.  Glycerin made up the remaining production with a 10% share but only 
3% of the annual revenue. The biggest factors effecting gross profits was the price of the raw materials that 
produced the products, and the selling price of the products themselves. Both factors changed greatly between 
2005 & 2012 as shown in table 2.  
Implications 
Based on the data produced by the model, installation costs contributed to 66.7% of the total capital 
costs, with equipment costs contributing to the remaining 33.3%. When equipment is added, as in scenarios 
with the water recycling option, equipment costs would increase and consequently lower the profit of the 
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biorefinery. Less water would need to be used; therefore material prices would decrease, increasing the profit 
of the biorefinery. When the glycerin stream option is utilized, less equipment is needed to be bought and used, 
decreasing equipment and electricity costs.  
Material costs contributed to 92% of the annual operating costs of the biorefinery. Soybean oil made up 
the largest portion of material costs (92.5%). This high percentage, along with the changing prices of soybean 
oil, increasing 225% from 2005 to 2012, decreased the profitability of the biorefinery greatly.  
The next highest contributor to annual operating costs was that of facility costs, consisting of 
maintenance costs, insurance, local taxes, and factory expenses, at an average of 5%. Facility costs were at 
their highest share of annual operating costs in 2005 as seen in figure 4, even though the facility costs were the 
same for each scenario. 
Biodiesel remained the largest product produced in this model, at an average of 90% of total product 
and 97% of total annual revenue. Glycerin was the only remaining product with 10% of total product produced 
and 3% of annual revenue. These values show that biodiesel is the main source of income, and the ability to 
produce more would increase revenue greatly. An increase in the amount of glycerin able to be sold would 
increase revenue, though to much less of an extent that biodiesel could. If more biodiesel was produced, more 
glycerin would also be produced as a coproduct, leading to more revenue and a greater profit, as long as the 
added equipment needed to process more biodiesel did not add too much equipment cost so that it canceled 
out the improved revenue  
The gross profits of the biorefinery determined how viable the biorefinery would be. In 2005 and 2012 
scenarios, the biorefinery was profitable, though much more so in 2005, as shown in figure 10a ($/year) and 
figure 10b ($/gal/year). This profitability can be linked to a price increase in almost every material, shown in 
table 2. If prices of raw materials decrease in the future, or product selling price increases, probability will 
increase, increasing the viability of the biorefinery. 
Conclusions 
 As new processes and equipment are introduced into biorefineries, it is important to be able to use 
computer-based, techno-economic modeling programs to input these new technologies and test their 
profitability without actually installing them into a biorefinery, which could prove costly if the new process or 
equipment did not work as they thought it would. In this study, SuperPro Designer was used to model a 
soybean oil biorefinery that was capable of producing 10 million gallons of biodiesel per year. Eight scenarios 
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were built to portray every option of if there was a water recycling option or glycerin stream option, and provide 
the economics of each.  
 It can be concluded that main product, biodiesel, production is very important to the biorefinery, making 
up 90% of production and 97% of annual revenue. The other product produced, glycerin, does play a role, 
though small when compared to biodiesel. To produce biodiesel, the feedstock price contributes to most of the 
materials costs, 92% in this case, and feedstock prices are incredibly important to the profitability. In order to 
help the plant become more profitable, equipment changes can be implemented, including a water recycling 
option to reduce material costs, and by combining two glycerin streams into one to reduce equipment costs.  
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Table 1. Definition of simulation scenarios. 
Scenario Year Water Recycle # of Glycerin Streams 
1 2005 Yes 1 
2 2005 Yes 2 
3  2005 No 1 
4* 2005 No 2 
5 2012 Yes 1 
6 2012 Yes 2 
7 2012 No 1 
8  2012 No 2 
* Denotes the original “baseline” model (McAloon & Yee, 2010). 
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Table 2. Prices used for simulations.* 
 2005 2012 Reference 
INPUTS    
Electricity ($/kWh) 0.050 0.100 (Intelligen, 2009) 
Methanol ($/kg) 0.286 0.448 (Methanex, 2012) 
NaOCH3  ($/kg) 0.980 19.603 (Lab Depot, Inc., 2012) 
NaOH ($/kg) 0.617 0.0496  
Soybean Oil ($/kg) 0.520 1.173 (Index Mundi, 2012) 
OUTPUTS    
Glycerin ($/kg) 0.330 0.192 (Tony Spuzello, Renewable 
Energy Group, Inc., personal 
communication, 18 June 2012) 
Biodiesel ($/gal) 4.60 4.29 (Tony Spuzello, Renewable 
Energy Group, Inc., personal 
communication, 18 June 2012)  
* See Table 1 for definition of simulation scenarios. 
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Figure 1. SuperPro Designer model of a 10 million gallon per year degummed soybean oil biorefinery 
used in this study (McAloon & Yee, 2010). 
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Figure 2: SuperPro Designer model of a 10 million gallon per year degummed soybean oil biorefinery 
used in this study with new glycerin and water recycling options shown.  Dashed boxes were replaced 
solid boxes in the new model. 
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Figure 3a. The effect of equipment purchase and installation costs on the overall capital costs of the 
plant. (See Table 1 for scenarios.) 
 
 
Figure 3b. Equipment purchase and installation costs as a proportion of the overall capital costs of the 
plant. (See Table 1 for scenarios.) 
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Figure 3c. Annualized equipment purchase costs. (See Table 1 for scenarios.) 
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Figure 3d: Annualized installation costs. (See Table 1 for scenarios.) 
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Figure 4. The proportional effect of year prices and processing options (i.e. scenarios) on the annual 
operating costs of the biodiesel plant. Utilities consist of electricity, steam, and chilled water. Facility 
costs consist of maintenance costs, insurance, local taxes and factory expenses. Raw material costs 
consist of water, soybean oil, NaOCH3, HCl, and sodium hydroxide. (See Table 1 for scenarios.) 
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Figure 5. The proportional effects of individual raw materials on the annual raw material costs of the 
plant. (See Table 1 for scenarios.) 
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Figure 6. Annual cooling water usage for the plant. (See Table 1 for scenarios.) 
 
 
Figure 7. Annual electricity usage for the plant. (See Table 1 for scenarios.) 
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Figure 8.  The proportional effects of individual utilities on the total annual utility costs of the plant. 
(See Table 1 for scenarios.) 
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Figure 9a. Revenue and production rate of the main product (biodiesel) in million $/y and billion kg/y, 
respectively. (See Table 1 for scenarios.) 
 
 
3.20
3.30
3.40
3.50
3.60
3.70
3.80
3.90
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1 2 3 4 5 6 7 8
Gl
yc
er
in
 Pr
od
uc
tio
n (
bi
lli
on
 kg
/y
r)
Gl
yc
er
in
 Re
ve
nu
e (
m
ill
io
n $
/y
r)
Scenario
Glycerin Revenue Glycerin Production
 
Figure 9b. Revenue and production rate of the byproduct (glycerin) in million $/y and billion kg/y, 
respectively. (See Table 1 for scenarios.) 
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Figure 10. Comparison of annualized capital costs, operating costs, revenue and net profit (or loss) 
associated with the biodiesel plant during one year of production. (See Table 1 for scenarios.) 
 
 
Figure 11. Comparison (in a per unit basis) of annualized capital costs, operating costs, revenue and 
net profit (or loss) associated with the biodiesel plant during one year of production. (See Table 1 for 
scenarios.) 
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